Satellite mobile communications always require LOS environments. If the LOS path is obstructed, the signal strength can be much lower than the SNR threshold for normal communication, so a coming call will not reach the user. In this case, an enhanced paging is needed to tell the user to move out of the shadow to receive the call.
I. Introduction
Satellite mobile communication is a necessary complementarity to terrestrial networks for seamless global coverage. In order to effectively utilize the strength of satellite and terrestrial mobile communication networks, the two systems should be integrated in 4G systems [1] . Considering that LTE/LTE-A is the main trend for 4G terrestrial systems, to have single-mode or dual-mode terminals with low complexity and seamless access and switching, the radio interface for future satellite mobile communications should also be LTE-based, and only the necessary modifications are made to deal with the special characteristics for satellite communications, such as non linear distortion introduced by the on-board power amplifiers and long round-trip delay [2] [3] .
Satellite mobile communications always require LOS environments. If the LOS path is obstructed, the signal strength can be much lower than the SNR threshold for decoding of control channels, so the normal paging function for terrestrial LTE systems may not work for this case in LTE-based satellite mobile communications, which means a coming call will not reach the user. Such senarios include indoor and strong shadowed enviroments, such as dense urbens. One promissing solution for the satellite coverage of indoor and dense urbens is Ancillary Terrestrial Components (ATC) [4] [5] or Complementary Ground Component (CGC) technique [1] [6] , in which the ground component performs like a basestation or relay in the terrestrail systems. Although MSV has done a lot of work to show the feasibility of ATCs [7] , the future of such techniques is still not clear due to the interferences to terrestrial systems, the lack of support from mobile operators and deficient market demand [5] .
If a ground componet is not available, the call missing problem can only be soloved by means of enhanced paging. The enhanced paging can inform the users, who are in strong shadowed enviroment, that a call is coming, so that the user can choose to move outdoor or out of the shadowing to receive the call. For this purpose, the decoding threshold for enhanced paging should be much lower than that of the normal paging in LTE.
In this paper, we discussed the design of enhanced paging for LTE-based satellite mobile communications. Basic design issues are considered, including the information needs to be tramsmitted, how to design a new physical channel, how to realize reliable transmission of the message, and how to save the energy for un-targeted users. Base on these considerations, a complete design for enhanced paging is proposed, and two implementation schemes are simulated to show the performance improvement relative to the normal paging in LTE systems.
II. Design of the Enhanced Paging Function
New physical channel (E-PPCH) and logic channel (E-PCH) should be designed for the enhanced paging within the LTE frame structure. In this section, several basic design issues are discussed, and a complete design scheme for enhanced paging is proposed based on these considerations.
A. What to transmit on E-PCH
The first issue should be considered is what to transmit in E-PCH. For normal paging in LTE, a S-TMSI (temporary mobile subscriber identity) is used for searching a user in the tracking area. The S-TMSI is composed of 8 bits MMEC (mobility management entity code) code and 32 bits M-TMSI. MME is an entity for control message processing in the core networks of LTE. Several MMEs compose a MME pool, and the MMEC is used to uniquely identify a MME within an MME pool. The M-TMSI is a temporaty identity for a subscriber in one MME.
Considering that there is always only one gateway for one satellite, MMEC is not necessary, so M-TMSI is enough for normal paging in mobile satellite communication systems. Similarly, only 32 bits M-TMSI is transmitted in E-PCH.
B. Resource allocation for E-PPCH in LTE frame structure
Since E-PPCH is a new physical channel designed for enhanced paging, the mapping of the message to resource elements in LTE should be arranged carefully to avoid superposition with control channels, data channels and synchronizations channels.
OFDMA is applied for downlink transmision in LTE, so the basic resource element is one subcarrier (15 KHz) in one OFDM symbol. Figure 1 shows the frequency-time resources in LTE for slot 0/slot 10 and slot 1/ slot 11. The basic unit for resource allocation in LTE is a PRB (physical rescouce block), which is composed of 12 subcarriers (180 kHz) during one slot (7 OFDM symbols). In LTE, the first three OFDM symbols are usually used for control information, and the 6-th and 7-th OFDM symbols of the central 6 PRBs (72 subcarriers) in slot 0 and slot 10 are used for SSS (secondary synchronization signal) and PSS (primary synchronization signal), respectively [8] . The reason that only the central 6 PRBs are used for synchronization is that the minimum bandwidth suported by LTE is 1.4 MHz, and the PRBs used for this configuration are the central 6 PRBs. In other words, since the central 6 PRBs will always be occupied, the synchronization signal is common for all bandwidth configurations.
Based on above considerations, the 4-th and the 5-th OFDM symbols of the central 6 PRBs in slot 0 and slot 10 are assigned as E-PPCH as shown in Figure 1 . The key goal of enhanced paging is to realize the paging function when the received signal is attenuated by more than 10 dB compared with normal signal strength. To achive this goal, two approaches can be considered.
The first approach is to apply "time spread" to decrease the decoding SNR threshold. By "time spread", a short message is extended by dozens of times, so that spread gain can be obtained at the receiver by "time de-spread". In addition, if the whole message is distributed over the period that is longer than the channel coherent time, time diversity gain can be obtained. For further performance improvement, the time spreaded message can be repeated several times as required, which can also be taken as some kind of time spread.
The second approach is to increase the transmit power of the E-PCH signal. Since OFDMA is applied for downlink transmission, the increase of the transmit power is limited by the PAPR of the signal. So if we want to increase the transmit power, the PAPR for the signal must be very low. For this purpose, we choose the Zadoff-Chu sequence as the transmit sequence for E-PCH. When the length of the Zadoff-Chu sequence is prime, its PAPR in the time domain can be as low as 0 dB [9] .
D. Energy saving for un-targeted users
As introduced in Section II.C, to get time spread gain, the 32 bits M-TMSI may be extended by dozens of times. If the extended sequence is transmitted as a whole, the recovery of the M-TMSI message at the receiver will take a long time. In this case, the un-targeted users will waste a lot of energy before knowing that the M-TMSI in the message does not match their own M-TMSI.
To solve this problem, the 32 bits M-TMSI can be divided to S segments with 32/S bits in each segment. All users will decode the message segment by segment, and do the comparison of the current decoded segment to the corresponding part of their own M-TMSI. The decoding of following segments of the message will go on only when the previous received segments all match the local M-TMSI. In this way, the un-targeted users can stop the detection as soon as possible, so that much of the energy can be saved.
E. A complete design for the enhanced paging
Based on the issues discussed in Section II. A, B, C and D, a complete design for enhanced paging is proposed in this subsection.
The whole procedure is shown by Figure 2 . At the transmitter, the 32 bits M-TMSI message is firstly divided to several segments. Each segment is then attached a segment ID, which is used for the segment comparison at the receiver. Each M-TMSI segment with ID is then mapped to a Zadoff-Chu sequence, which is acturally the time spread process. Since the Zadoff-Chu sequence for each M-TMSI segment is usually longer than 72, it should be divided to several segments firstly, and then mapped to the allocated resource blocks. After OFDM modulation, the whole message are repeated as required.
At the receiver, the repeated message is firstly combined for current M-TMSI segment. After OFDM demodulation and resource blocks extraction, the segments of sequence for current M-TMSI are concatenated. ML method can be used then for sequence detection, and the current M-TMSI segment with its segment ID can be recovered according to the sequence mapping rules. With the help of the segment ID, the receiver compare the received M-TMSI segment with the corresponding part of the local M-TMSI. If current M-TMSI segment matches, the receiver will continue to detect the next M-TMSI segment. Otherwise, the receiver will stop for the E-PCH detection. When the whole received M-TMSI matches the local M-TMSI, the receiver can inform the user that an E-PCH is received.
F. Two implementation schemes of the enhanced paging design
To show more details about the enhanced paging design given in Section II.E, two implementation schemes are given in this subsecdtion, and they will be used later in the performance evaluation.
For the first scheme (E-PCH 8*4), the 32 bits M-TMIS is divided to 8 segments, so there are 4 bits in each segment. Then 3-bits ID is used to label each segment (from 000 to 111 as shown in Figure 2 ), so the message for each M-TMSI segment is acturally 7 bits. To convey 7-bits information, 128 orthogonal sequences are needed. Considering that the length of the Zadoff-Chu sequence should be prime to maintian the good cross-correlation and low PAPR, we choose 128 sequences with length of 131. Each sequence is divided to two segments with length of 66 and 65, respectively. The first 66 complex data are mapped to the central 66 subcarriers of the 4-th OFDM symbol of slot 0 or slot 10, and the remain 6 subcarriers are occupied by zeros. The next 65 complex data are mapped to the central 65 subcarriers of the 5-th OFDM symbol of slot 0 or slot 10, and the remain 7 subcarriers are occupied with zeros. For additional performance improvement, the sequence for each M-TMSI segment is repeated four times, so the total number of subcarriers used for the transmission of the whole M-TMSI is 8*2*72*4 = 4608.
For the second scheme (E-PCH 4*8), the 32 bits M-TMIS is divided to 4 segments, so there are 8 bits in each segment. Then 2-bits ID is used to label each segment (from 00 to 11), so the message for each M-TMSI segment is acturally 10 bits. We choose 1024 Zadoff-Chu sequences with length of 1031 to convey the 10 bits information for each M-TMSI segment. Each sequence is divided to 16 segments with the first 15 segments composed of 65 complex numbers and the last segment composed of 56 complex numbers. Each sequence segment occupies 72 subcarriers of the 4-th or the 5-th OFDM symbol of slot 0 or slot 10 with the remaining subcarriers filled by zeros. The whole message is transmitted only once, so the total number of subcarriers used for the transmission of the whole M-TMSI is also 4*16*72*1 = 4608.
Comparing the two schemes, although the equivalent time spread is the same, E-PCH 4*8 should provide larger spread gain from the coding theory point of view. However, since more segments are used in E-PCH 8*4, the un-targeted users may realize earlier that the E-PCH is not for them, so more energy can be saved. In a word, there exists a tradeoff between spread gain and energy saving for the choice of segmentation scheme of the M-TMSI transmission. 
III. Performance Evaluation
In this section, the performance improvement of the proposed design of enhanced paging relative to the normal paging in LTE is evaluated.
A. Normal paging in LTE
For the purpose of performance comparison in the next subsection, the nomal paging in LTE is introduced briefly in this subsection.
In LTE, the paging information is transmitted on PDSCH (physical downlink shared channel) as data, and turbo coding and QPSK are used for transmission [10] . As shown by Figure 3 , at the transmitter side, the information is firstly turbo coded with coding rate of 1/3. The rate matching is done according to the resource allocation for PDSCH. After QPSK modulation and RBs mapping, repeats as many as 3 times are permitted according to the channel condition. The final step is OFDM modulation. The decoding of paging information at the receiver side is the reverse of above procedures.
The resource allocation unit for PDSCH is PRB. As introduced in Section II.B, in one subframe, the first 3 OFDM symbols are assigned for control information, and the remaining 11 OFDM symbols can be used for data transmission. In this paper, 1 PRB is assumed to be allocated for the transmission of 32-bits M-TMSI. Since 12*11 = 132 subcarriers can be used, if the message is repeated 3 times, the message should include 44 QPSK symbols, so the length of the coded bits is 44*2 = 88. This means that the 1/3 turbo coded 96 bits (32*3 = 96) should be punctured to 88 bits by rate matching. Finally, the 32 bits M-TMSI is mapped to resouce elements in one PRB as shown in Figure 4 .
B. Performance comparison between enhanced paging and normal paging
The PER performance of the two implementation schemes for enhanced paging and the normal paging in LTE are simulated under AWGN channel, and the results are compared in Figure 5 . For the normal paging in LTE as introduced in Section III.A, the 3 times repeats bring about 4.5 dB gain relative to the case with no repeat at PER = 10 -3 . For E-PCH 8*4, 4 times repeat brings about 6 dB gain, and the final improvement relative to the normal paging with 3 repeats is about 11.5 dB at PER = 10 -3 . As expected, the E-PCH 4*8 outperforms E-PCH 8*4 with 4 repeats about 1.7 dB, so the final improvement at PER = 10 -3 relative to the normal paging with 3 repeats is about 13.2 dB. Considering that the PAPR of the transmitted sequence is 0 dB, if the transmit power for E-PCH is increased by 6~7 dB, a total gain of about 20 dB can be achieved relative to the normal paging. This improvement is large enough for the application of enhanced paging in normal indoor or heavy shadowing environments.
IV. Conclusions
In this paper, a enhanced paging design is proposed for LTE-based satellite mobile communications. Several issues are considered in the design, including what to transmit for enhanced paging, the resource allocation scheme for the new physical channel, transmission schemes to improve the message reception, and the energy saving scheme for un-targeted users. Two complete implementation schemes are provided based on the general design principle. Simulation results show that the decoding threshold for the proposed enhanced paging can be 13.2 dB lower than that of the normal paging in LTE, and a total gain of about 20 dB can be obtained, which is good enough for practical application of the enhanced paging in normal indoor or heavy shadowing environments. 
